For high luminosity, all linear collider schemes under study require very low emittance beams. When transverse beam dimensions of the opposing linacs become very small, high beam position stability is necessary to maintain high luminosity. For the 500 GeV c. m. S-band collider SBLC uncorrelated rms quadrupole vibrations must be smaller than some 70 nm and have to be reduced to 20 nm for the 1 TeV upgrade. An inexpensive mechanical stabilization scheme based on geophones, piezocrystals and a digital feedback system has been successfully tested. It damps quadrupole motions in a frequency range of 2 -30 Hz by factors up to 4, such that remaining magnet motions may be within tolerance limits. Based on a geophone with noise level below 1 nm, it is likely that this system may allow stabilization below the 10 nm level.
I. INTRODUCTION
To achieve a luminosity at least comparable to existing efestorage rings like LEP, all linear collider schemes currently under study require very low emittance beams focused to transverse beam dimensions of some 10 nm vertical and some 100 nm horizontal. Since luminosity degradation should not exceed 3%, which corresponds to beam center positions being 0 . 2 5~ off center, tolerable quadrupole jitter amplitudes are limited to The simplest considerable attempt consists of some kind of "spring", acting as passively damping quadrupole support due to the l / f z characteristics for frequencies higher than the resonance frequency of the spring. To be able to damp frequencies as low as 2 Hz, a resonance frequency of some 1 Hz is required. This leads to a spring compression due to the magnet mass of 25 cm, which is unacceptable because of the high compliance of such a system. Therefore, passive damping is feasible only in the high frequency region (f > 100Hz).
To compensate fast ground motion in the frequency band 2 Hz -100 Hz, an active stabilization scheme consisting of a geophone measuring the velocity of the magnet motion on top of each quadrupole and a piezoelectric actuator tilting the magnet around its horizontal transverse axis in order to keep its center at rest has been built (figs. 2,3). The intemal noise CT; in the frequency band from a lower frequency fo to infinity can the be calculated by integrating the noise power spectrum over this frequency range: 
RESULTS
The system described in section I1 has been successfully tested. With one sensor on the floor below the magnet support and the other on top of the magnet, motion signals have been obtained using aPC with 12 bit A/D board. These signals where integrated in order to get the displacement and Fourier transformed to get the power spectra a,, and a,, , From these power spectra, the rms value of the displacement in the frequency band from a lower frequency fo to infinity was calculated by integration over this frequency band: 
IV. CONCLUSION
It has been successfully demonstrated that active stabilization of mechanical quadrupole vibrations to levels necessary for linear collider operation is feasible even in noisy environments. For the whole linear collider, the costs of these ground motion compensation devices would not exceed 10Mio US-$. Therefore, fast ground motion considerations should not dominate the choice of the linear collider site. 
